Context. The detection and the characterization of the high energy emission component from individual gamma-ray bursts (GRBs) is one of the key science objectives of the currently operating gamma-ray satellite AGILE, launched in April 2007. In its first two years of operation AGILE detected three GRBs with photons of energy larger than 30 MeV. One more GRB was detected in AGILE third operation year, while operating in spinning mode. Aims. For the 64 other GRBs localized during the period July 2007 to October 2009 in the field of view of the AGILE Gamma-Ray Imaging Detector (GRID), but not detected by this instrument, we estimate the count and flux upper limits on the GRB high energy emission in the AGILE-GRID energy band (30 MeV−3 GeV). Methods. To calculate the count upper limits, we adopted a Bayesian approach. The flux upper limits are derived using several assumptions on the high-energy spectral behavior. For 28 GRBs with available prompt spectral information, a flux upper limit and the comparison with the expected flux estimated from spectral extrapolation of the Band spectrum to the 30 MeV−3 GeV band are provided. Moreover, upper limits on the flux under the assumption of an extra power law component dominating the 30 MeV−3 GeV band are calculated for all GRBs and considering four different values for the spectral photon index. Finally, we performed a likelihood upper limit on the possible delayed emission up to 1 h after the GRB. Results. The estimated flux upper limits range between 1 × 10 −4 and ∼2 × 10 −2 photons cm −2 s −1 and generally lie above the flux estimated from the extrapolation of the prompt emission in the 30 MeV−3 GeV band. A notable case is GRB 080721, where the AGILE-GRID upper limit suggests a steeper spectral index or the presence of a cut-off in the high energy part of the Band prompt spectrum. The four GRBs detected by AGILE-GRID show high-energy (30 MeV−3 GeV) to low-energy (1 keV−10 MeV) fluence ratios similar to those estimated in this paper for the 64 GRBs without GRID detection, favoring the possibility that AGILE-GRID detected only high-fluence, hard GRBs. From the flux upper limits derived in this work we put some constraint on high-energy radiation from the afterglow emission and from synchrotron self Compton emission in internal shocks.
Introduction
A relatively small number of gamma-ray bursts (GRBs) have been detected so far at ∼100 MeV−few GeV energies. Energetic photons between 200 MeV and 20 GeV were detected with the EGRET spark chamber on board the Compton Gamma Ray Observatory (CGRO) from only a few GRBs (see e.g. Dingus 2001) . A larger sample of high-energy photons from GRBs was collected using the large calorimeter of the EGRET instrument that provided GRB light curves and spectra in the 1−200 MeV energy range, thus extending the spectral coverage of the brightest GRBs seen at lower energy with the Burst And Transient Source Experiment (BATSE) (Kaneko et al. 2008) . Tables 1, 2, 4, [7] [8] [9] are available in electronic form at http://www.aanda.org
The slow temporal decay of the high-energy flux of GRB 941017 (González et al. 2003) , as well as the delayed (up to 1.3 h) detection of very energetic gamma rays from GRB 940217 (Hurley et al. 1994) , have pointed to the existence of emission mechanisms that are different from the one generating (prompt) photons at lower energies. These observations show there are a few GRBs with very hard spectra, peak energies up to 170 MeV, and high-energy "excesses", i.e. emissions above 100 MeV, that are not compatible with simple extrapolations of the corresponding low-energy spectra. To explain the origin and the temporal evolution of such spectral components, distinct from the common Band function fit (Band et al. 1993) , leptonic and hadronic models have both been proposed (consider e.g. Zhang & Mészáros 2001) .
Two factors that affected the study of GRBs at high energy are intrinsic to pair production telescopes of the old generation, A&A 547, A95 (2012) based on spark chamber trackers: the relatively small field of view, which limits the sample of observed GRBs, and the significant instrumental dead time, which reduces the number of detected photons in the brightest emission episodes of the GRBs, thus preventing a reliable measure of their peak fluxes and fluences in the prompt phase. Both limitations are overcome by new gamma-ray satellites equipped with self-triggering trackers based on silicon microstrip technology, such as AGILE (Tavani et al. 2009 ) and Fermi-LAT (Atwood et al. 2009 ).
Indeed in only a few years, the number of GRBs detected by pair production telescopes is already larger by almost a factor of three with respect to those detected by EGRET (e.g. Omodei 2010 ) and some of the spectral and temporal features detected by EGRET are present in the AGILE and Fermi GRBs, too. A few examples are the temporally extended high-energy tail seen in the short GRB 090510 (Giuliani et al. 2010; Ghirlanda et al. 2010; Ackermann et al. 2010; De Pasquale et al. 2010; Kumar & Barniol Duran 2010) , the presence of a distinct high energy spectral component in the long GRB 090902B (Abdo et al. 2009a) and the long delayed components observed in several GRB by Fermi-LAT. Notably in the case of 080916C, this component extends up to a thousand seconds after the trigger and is consistent with an extrapolation of the spectral fit at low energy (Abdo et al. 2009b) .
The detection of GRBs by AGILE and Fermi has given rise to several other models explaining the high-energy emission from GRBs, with its key peculiar observational characteristics, i.e. the delayed onset and the extended duration, the typical F ν spectral shape ∼ν −1 , and the long-lasting flux decay obeying a power law decline ∼t −1.5 (e.g., Ghisellini et al. 2010 , for a detailed description), among them, the synchrotron/selfsynchrotron Compton (Zou et al. 2009 ) or the afterglow synchrotron model Ghisellini et al. 2010; Kumar & Barniol Duran 2009 , 2010 .
Moreover, the number of GRB detections is well below the prelaunch expectations (for both AGILE and Fermi-LAT) based on the assumption of the ubiquitous presence of high-energy emission in GRBs (Thompson 2008) . As long as AGILE is considered, we predicted almost 1 GRB per month (Longo et al. 2007) . Preliminary estimates by the Fermi Collaboration expected about 50 GRBs per year (Omodei et al. 2007 ). Updated and correct rates for Fermi-LAT detections were calculated by the Fermi Collaboration, when adopting the spectral parameters of bright GRBs in the BATSE sample (Band et al. 2009) . A systematic study of upper limits on GRB high-energy emission using Fermi-LAT data was performed by several authors Beniamini et al. 2011 ; The Fermi-LAT Collaboration & The Fermi-GBM Collaboration 2012).
To understand the discrepancy between our earlier predictions and the actual rate, we searched for prompt high-energy emission components in the spectra of all the GRBs occurring in the AGILE-GRID field of view. The presence of such a component could not be ruled out if considering EGRET data alone (Thompson 2008) , and upper limits in the AGILE-GRID energy range would be important for constraining the models. We also try to reconsider the prelaunch predictions based on the rates of observed GRBs.
We report the analysis of all the GRBs that occurred in the AGILE-GRID field of view from the launch up to October 2009 without being detected by AGILE-GRID. The sample is described in Sect. 2. For most of them a count upper limit is provided using a Bayesian approach, described in Sect. 3. Section 4 provides and discusses flux upper limits on GRB whose spectral information are available from other space missions. A brief discussion of the likelihood upper limits on the delayed emission is considered in Sect. 5. Section 6 presents some theoretical considerations based on the data obtained in this paper. The revision of the prelaunch expectations and a general discussion of the upper limits obtained in this paper are presented in Sect. 7 .
The large statistical sample of GRBs considered in this paper allows drawing some preliminary conclusions on the conditions needed for the presence of high-energy components in GRB emission spectra. In particular, the fluence ratios seem to indicate that high-fluence emission in the low-energy band favors the emission of high-energy photons.
The GRB sample
The AGILE satellite (Tavani et al. 2009 ), launched on 23 April 2007, is an Italian space mission dedicated to highenergy astrophysics. Its main instrument, the GRID (Gamma-ray Imaging Detector), is a pair conversion telescope (Prest et al. 2003) operating in the 30 MeV−50 GeV energy band. It is characterized by a large field of view (∼2.5 sr), a point spread function of ∼0.1
• at 1 GeV, a very short deadtime (∼200 μs), and a relatively low particle background (∼1 Hz after the ground reconstruction cuts). For comparison, EGRET had a field of view of ∼0.5 sr and a dead time of ∼200 ms.
The two other instruments onboard the AGILE mission are able to trigger on GRBs and study their emission in different energy ranges. SuperAGILE (Feroci et al. 2007 ) operates in the 20−60 keV energy band, with a field of view of about 1 sr. The Mini-Calorimeter (MCAL) (Labanti et al. 2009 ) is an all-sky monitor sensitive to photons in the 350 keV−100 MeV energy range (Marisaldi et al. 2008) .
After two years of operations, three GRBs were detected by AGILE-GRID: GRB 080514B (Giuliani et al. 2008) , GRB 090401B ), and GRB 090510 Giuliani et al. 2010) . A fourth GRB, GRB 100724B (Del Monte et al. 2011 ) was detected in the third year of AGILE's operation.
This contrasts with the rough estimate of 1 GRB/month that AGILE was expected to observe, based on the previous EGRET detections (Longo et al. 2007 ). Indeed, GRB emission at MeV−GeV energies appears to be quite a rare phenomenon, typically associated with the brightest events, as also confirmed by the relative paucity of the recent Fermi detections (Guetta & Pian 2009; Guetta et al. 2011; Beniamini et al. 2011; The Fermi-LAT Collaboration & The Fermi-GBM Collaboration 2012) .
The GRBs studied in this paper were localized and detected by other satellites (Swift, INTEGRAL, Konus, Suzaku-WAM, Fermi-GBM, the Interplanetary Network) or by SuperAGILE within the AGILE-GRID field of view. The count upper limit was properly derived for all the events that did not show evidence of a high-energy component. Selected events fall in the time window between July 2007, when AGILE-GRID observations started, and October 2009, when AGILE switched from a fixed pointing mode to spinning mode due to a problem in the reaction wheel. The selection criteria required locating the GRB to be within the AGILE-GRID field of view (with the angle θ from the pointing direction ≤60
• ) and the distance of the GRB from the center of the Earth to be greater than 90
• to avoid occultation and/or residual contamination by albedo gamma rays. No cuts based on brightness or spectral hardness were applied. The 64 GRBs that satisfy all the criteria are listed in Table 1 , with the corresponding GCN reporting trigger time, location and spectral parameters when available. The spectral information is provided by Konus/WIND (KW, Aptekar et al. 1995 (Gehrels et al. 2004) . Table 1 includes the GCNs issued by AGILE-GRID containing the results of a "quick-look" analysis. A comparison of the properties of the four GRBs detected by AGILE-GRID with those of the sample has been already preliminarily discussed (Del Monte et al. 2010 ) and will be the subject of further analysis.
Upper limit calculation
The purpose of this paper is to derive upper limits (UL) on fluxes of GRBs observed by other satellites and located in the AGILE-GRID field of view. For such a task, we adopt the method proposed by Helene (1983 Helene ( , 1984 . It follows a Bayesian approach where an "a-priori" knowledge or estimate of the signal is needed. In the frequentist calculation of upper limits, the physical source flux limits are not taken into account in the first step. This means that the confidence level interval can contain negative fluxes. Only in a second step is the confidence level interval cut according to the physical limits on the studied quantity (e.g. Feldman & Cousins 1998; Wittek et al. 2007) .
We indicate with S the mean of the counts received from a source within the time interval t obs and with N the total number of counts detected in t obs . If a background with average counts B is also present, the Poisson distribution for N is
with N b and N s counts from background and source respectively. Here, the mean value of the background counts, B, is very well known. In fact it is sampled over a pre-trigger time window that is at least ten times longer than t obs . From the Bayes theorem the posterior probability for the parameter S as a function of the observables N and B is
where P S (N) is the Poisson distribution (1) for S + B. The function p(S ) is the so-called prior, which contains all the prior knowledge on S one wants to put into the estimate. The subjective information contained in p(S ) is often debated because of its influence on the final probability. In the Helene method, however, the prior includes the physical bound of non-negative flux from the source and is defined as a constant. Its physical meaning is therefore that all the source fluxes have the same emission probability. It is shown that the final result depends weakly on the prior (Kraft et al. 1991) . Other priors that disfavor large fluxes give similar upper limits.
The posterior probability in the Helene method is
where C is a constant that incorporates the prior constant and the normalization of the Poisson distribution of S + B with respect to S (Kraft et al. 1991 )
The difference between the frequentist and the Bayesian approaches is reflected in the difference between Eqs. (1) and (3). The last one gives the probability for a source to have a flux S , given B and the observed N counts. The confidence level is defined as the integral of f N,B (S ) in the interval [S min , S max ]
The interval S max −S min is minimized for a given confidence level as shown by Kraft et al. (1991) . In the upper limit calculation, an accurate estimate of the background is crucial for defining the quantity B within t obs . Two requirements have to be fulfilled for a correct estimate of the background rate. First the satellite on-flight data parameters have to be correctly estimated (i.e. GPS information, star sensors, and pointing information). Second the events need to be completely reconstructed off-line and properly classified by the background filter. Background studies over the same 15
• region around the GRB position are made before the GRB trigger time to avoid signal contamination.
Data taken during Earth occultation and the passage over the South Atlantic Anomaly are excluded when sampling the background. The time interval, over which the background rate is calculated, needs to be at least ten times longer than the t obs . This last condition assures that the mean B has a negligible error. Finally, the interval selected for the background evaluation is the nearest to the trigger time, among those that share all the above characteristics.
Checks were performed on the trend of the background, particularly in some interesting cases. The rate of events in the background interval closest in time to the signal, has been compared with the background rate in intervals with the same characteristics, but farther from the signal interval. A 10% variation is observed, thus not affecting significantly the estimate of the upper limits.
As for the background, similar requirements are made when searching for a signal S . The events must be completely reconstructed with good flight parameters. Because of the lack of signal in the sample, the upper limit on high-energy emission during the prompt GRB phase is calculated over the GRB duration, as shown in Table 2 . In some cases the temporal search was extended with respect to the reported T 90 1 , as measured by the satellite that observed the GRB, due to possible further emission episodes reported by other satellites. An angular region of 15
• around each GRB is chosen to allow for acceptance of events detected at lower energies and therefore characterized by a larger point spread function.
While the background rate B is estimated over a time period that is not occulted, in case the signal region is partially occulted by the Earth, the value of B is multiplied by the fraction of the unocculted field of view, in order to be compatible with S . Figure 1 shows the results of this search for an individual GRB, in this case GRB 080721.
The confidence level of the derived counts upper limits is 99.7% (corresponding to a ∼3 Gaussian σ). The confidence interval defined in Eq. (5) can be obtained by integrating Eq. (3) numerically starting from its most probable value and integrating in both directions, always choosing to add the side with the higher probability to the integral, until the desired confidence level is reached (Kraft et al. 1991) . If the lower limit of this interval is 0, the source flux is then compatible with 0 and an upper Table 3 . Duration of the search, the total observed counts, the expected background counts in the same region and time period, the source count upper limit, the photon flux, energy flux upper limits (in the 30 MeV−3 GeV energy range), and the measured spectral index. Fig. 1 . Example of a particular background selection for evaluating the upper limit on a single GRB. The "Bkg" events are those detected by the GRID, the "not complete" events are those for which the off-line reconstruction or the satellite information were not fully available. The "Events in the selected region" are those in the 15
• region around the GRB position. The particular GRB taken as example is GRB 080721. limit is provided. Table 2 shows the upper limits, calculated according to the Helene method applied to all the GRBs in our sample (Col. 5).
Results
Given an upper limit on the counts, it is necessary to introduce the AGILE-GRID effective area to determine the corresponding flux upper limit. The effective area is obtained using the well-known Vela spectrum in the energy range between 30 MeV and 20 GeV. We first divide the known spectrum into 15 energy bins. The photon counts detected from Vela in each bin are then divided by the corresponding known Vela flux to obtain the instrument effective area in that energy range.
The total effective area is therefore obtained by taking the convolution of the source spectrum with the areas estimated above in different energy bins. For an E −β spectrum, for example, the total effective area is given by
This calculation is needed to estimate the expected flux. Indeed, since the effective area is energy dependent, similar count rate upper limits correspond to different flux upper limits if different assumptions on the high-energy spectrum are made. First, we assume that the low-energy spectrum extends to the high-energy regime as observed for example in the case of GRB 080916C by Fermi (Abdo et al. 2009b ). Photon and energy flux limits derived under this assumption are reported in the last two columns of Table 2 . For the high-energy spectral index, the value β = 2.36
−0.17 is adopted for all 64 GRBs in the sample. This value corresponds to the average value derived from the spectral analysis of BATSE GRBs (Kaneko et al. 2008) .
In some cases, the high-energy spectral index β of the Band prompt spectrum has been directly measured from spectral analysis. In these cases, as reported in Table 3 , we estimated the upper limits on the photon and energy fluxes by adopting the measured β preliminary reported by GCN (first set of values in the table) or calculated by Nava et al. (second set) and Bissaldi et al. (third set) . Figure 2 shows the histogram of the calculated UL flux both for the complete sample, where the average β was used, and for the small subsample for which the measured high-energy spectral index was used.
For 28 GRBs in our sample, the shape of the prompt spectra is well known, and it is described either by the Band function (Band et al. 1993) or by an exponential cutoff. The extrapolation of this spectrum at higher energies (30 MeV−3 GeV) allows the flux expected in the GRID energy range to be derived. We performed this estimate for the 28 events for which the preliminary spectral parameters are reported in the GCN Circular system 2 . In cases where an exponential cutoff is seen, the derivation of the 30 MeV−3 GeV expected flux is performed by considering a high-energy power law spectral index β = 2.36. The expected flux is then compared to the flux upper limit estimated from the GRID non-detection (as shown in Fig. 4 for GRB 080721). Results are presented in Table 5 and in Fig. 3 . Errors on the expected flux are calculated by varying the β value within its error, provided by the GCN notices. GRBs fitted with Band functions are listed at the beginning of the table. For GRBs whose spectra are described by a power law with a high-energy exponential 2 /s) estimated in the energy range 30 MeV−3 GeV by assuming that the highenergy emission is the extrapolation at high energies of the prompt spectrum detected in the keV−MeV range. A spectral index β = 2.36 is assumed for all bursts in our sample (64 events-gray filled histogram). Values are reported in Table 2 . The red shaded histogram instead shows those bursts in our sample (10 events) for which the β value has been estimated from the spectral fit of the keV−MeV component reported in the GCN (see Table 3 ).
Fig. 3.
Comparison between the flux expected in the 30 MeV−3 GeV energy range (from the extrapolation of the keV−MeV spectral component) and the flux upper limit estimated in the same energy range. The sample is composed of the 28 GRBs for which it has been possible to estimate the peak energy of the prompt component from the spectral analysis. Preliminary spectral results from the GCN are considered: in 10 cases the spectrum is well fit by a BAND model (filled circles), while in 18 cases the best-fit model is a power law with an exponential cutoff (filled stars). Open gray symbols show the same comparison when spectral parameters are taken from Nava et al. (2011) and Bissaldi et al. (2011). cutoff the minimum and maximum values of β are taken from the distribution measured by BATSE (respectively β min = 2.58, β max = 2.19).
From Table 5 , the upper limit marginally constrains the value of the expected flux only for three GRBs, namely GRB 080721, GRB 081224, and GRB 090904B. The case of GRB 081224 is not particularly interesting since the extrapolation at high energy in this case is based on the assumption of the presence of a power law consistent with BATSE average value, not reported by the GCN (Hayashi et al. 2008) . AGILE-GRID limit in this case confirms the absence of such a component. The upper limits for GRB 080721 and GRB 090904B lie below the expected flux so they can constrain the β index measured by other satellites. A refined calculation was performed using the updated spectral analyses reported by Nava et al. (2011) and Bissaldi et al. (2011) (see Table 6 and Fig. 3 ). We note that GRB 090904B is now better fit with a power law with an exponential cutoff, so it is no more significant in the AGILE-GRID energy band. Even when adopting the most favorable conditions, the spectral extrapolation lies well below the AGILE UL. Figure 4 shows the flux of GRB 080721 extrapolated at high energies (30 MeV−3 GeV) adopting a spectral index β = −2.43.
The AGILE-GRID upper limit for GRB 080721 could be used, for example, to derive a different spectral shape at high energy. Our calculations seem to indicate, in this GRB, the presence of a spectral break (between the MeV and the GeV range) towards a steeper spectral index, thus contributing to predict a smaller number of GRBs detectable at high energy, with respect to calculations that make use of simple extrapolations. The change in β index, Δβ = −0.007, is not significant, however, considering that the upper limit ranges within the error bars on the flux extrapolating the spectral shape reported by Konus-WIND (Golenetskii et al. 2008) .
The other interesting case is represented by GRB 090618 (Fig. 5) . It is the brightest event detected by MCAL and SuperAGILE. It has a peak flux of 1.6 × 10 −5 erg cm
in the energy range 20 keV−2 MeV (Golenetskii et al. 2009 ). Despite such a bright peak, GRB 090618 was not detected by the AGILE-GRID. This GRB therefore provides evidence of a class of bright GRBs that lack significant emission above 30 MeV. Using the newer spectral measurements reported in Table 6 , the upper limit put by AGILE on GRB 090618 is indeed now marginally constraining the presence of an high-energy component consistent with an extrapolation of the low-energy Band spectrum at high energies. This GRB was studied in detail by Page et al. (2011) . The gamma-ray spectrum is confirmed to be fit by a power law with an exponential cutoff. The authors find the evidence of a thermal X-ray component interpreted as a Supernova shock breakout. Finally, we derive flux upper limits in the GRID energy range by considering a different scenario, in which the highenergy emission is dominated by an extra component, spectrally distinct from the sub-MeV prompt spectrum. This analysis is justified since in some cases of high-energy detection an additional spectral energy component has been found. For this reason, we now assume that the high-energy spectrum has a different spectral behavior as compared to the sub-MeV spectrum and calculate the corresponding flux upper limit. In particular, we calculate the upper limits derived from AGILE observations assuming the emission in the GRID band (30 MeV−3 GeV) can only be attributed to a high-energy spectral extra component as in the case of GRB 941017 (β = 1.1) (González et al. 2003) , GRB 980923 (β = 1.3) (González et al. 2009 ), GRB 090510 (β = 1.6) (De Pasquale et al. 2010) , GRB 090902B (β = 1.8) (Abdo et al. 2009a) . The results are reported in Table 4 and shown in Fig. 6 for the two extreme cases β = 1.1 and β = 1.8.
The importance of the upper limits measured by AGILE-GRID, in the energy range 30 MeV−3 GeV, can be estimated by calculating the ratio of the UL fluence and the fluence calculated in the energy range (1 keV−10 MeV) using the publicly available spectral information. The calculated values range between a factor of ∼0.05 and a factor of ∼5. This is similar to the calculation reported by Beniamini et al. (2011) . The ratio was also performed for the UL fluence assuming the energy emission in the GRID energy range as only due to the spectral extra component in addition to the low-energy Band spectrum. We calculated the same ratios for those GRBs, detected by Fermi-GBM, for which a complete spectral analysis was available (Nava et al. 2011; Bissaldi et al. 2011) 3 . The results are reported in Table 7 for the UL calculated using the measured beta values and in Tables 8 and 9 for the UL assuming the high-energy emission due to the spectral extra component and shown in Fig. 7 . We note that the ratios range in this case between a factor of ∼0.05 and a factor of ∼30. Figure 7 also shows the high-energy and lowenergy fluence for those bursts detected by GRID, calculated using spectral information reported by Giuliani et al. (2008) , Moretti et al. (2009 ), Giuliani et al. (2010 ), Del Monte et al. (2011 and listed at the bottom of Table 7 . On average, the ratio is ∼0.1 (with the exception of GRB 090510, for which the two fluences are comparable), in agreement with results from Fermi-LAT detected bursts. GRBs without GRID detection considered in this work, instead, lie in the region of the plane characterized by higher ratios. This suggests that the presence of high-energy emission is not a common property of GRBs or that the fluence of the possible high-energy component lies well below the upper limit that is possible to derive with the GRID instrument.
Search for delayed components
The aim of the analysis performed so far in the paper was to constrain the detection of the high-energy emission by GRBs during the prompt phase with AGILE-GRID. GRBs are known to emit for a longer duration in the high-energy band (E > 100 MeV) with respect to the typical low-energy GRB energy range (1 keV−10 MeV). Two typical examples are GRB 090323 and GRB 090328 (McEnery 2010) for which the high energy emission extended up to few ks after the trigger. A preliminary likelihood analysis of the delayed high-energy emission from GRBs was performed on all the GRBs in the sample. The AGILE-GRID data were analyzed by adopting the optimal gamma-ray filter technique (filter FM3.119). For each GRB, counts, exposure, and gas maps were created centered on the GRB position, in a time window ranging from 100 to 3700 s after the GRB time. The likelihood analysis was done using a script developed for an extensive search of counterparts to AGILE sources (Rappoldi et al. 2011) . All the sources from EGRET (Hartman et al. 1999) , AGILE (Pittori et al. 2009 ), and Fermi-LAT (Abdo et al. 2010) within 10
• of the GRB position were included in the source model. Due to very low count statistics, the likelihood analysis gets meaningful results only for a subsample of 26 GRBs. Results are presented in Table 10 . Values with square root of the test statistics (TS) (e.g. Mattox et al. 1996 ) more than 5 sigma are considered as a detection. A detailed analysis of the possible extended emission from the three GRBs detected by AGILE in its first two years is in progress.
Theoretical implications
In this section we discuss two different models that predict highenergy emission from GRBs. The non-detection of such emission and the flux upper limits derived in this work allow us to put some constraint on the parameters of both models.
In the first case we constrain the presence of high-energy synchrotron emission from relativistic electrons accelerated in external shocks (afterglow scenario). This scenario is particularly interesting since the spectral and temporal behavior of several GRBs with detection of high-energy emission seems to be consistent with expectations from the afterglow model . Fireballs with large Lorentz factors are expected to decelerate early, producing bright afterglow emission at high frequencies. When instead the Lorentz factor is lower, the emission peaks at later times and is fainter. The low rate of GRBs with detected high-energy emission suggests that this is the case for most bursts. Within this scenario we can then estimate an upper limit on the bulk Lorentz factor Γ 0 : higher values of Γ 0 would have implied a high-energy emission detectable by GRID in the considered time interval (which in our analysis coincide more or less with the prompt duration).
The second considered scenario is synchrotron self Compton (SSC) emission in internal shocks, i.e. inverse-Compton scattering of synchrotron radiation by the same relativistic electrons (accelerated in internal shocks) that produced the synchrotron radiation. This model is not favored for explaining high-energy emission detected by AGILE and Fermi-LAT, since some common temporal and spectral properties often characterizing this emission (as the temporal delay and the long lasting extended emission detected in several cases) can hardly be explained within this scenario. The study of this model is however interesting to derive some information about the radiation mechanism producing prompt radiation: if prompt radiation is synchrotron emission from electrons accelerated in internal shocks, an inverse Compton component produced by the same electrons is naturally expected. The non-detection of such a component in the GRID energy range can be explained in several ways. In particular, if the peak of the SSC component lies outside the GRID energy range and/or the flux is suppressed by the Klein-Nishina limit, no detectable emission is expected. In both cases, the flux upper limits derived in this work allow deriving interesting constraints on the Compton parameter Y and on the microphysical parameters e and B .
Testing the external shock scenario
Several authors (Kumar & Barniol Duran 2010; Ghisellini et al. 2010; Ghirlanda et al. 2010 ) have suggested that the MeV−GeV radiation detected in several GRBs is emitted by electrons accelerated in ultrarelativistic shocks with the interstellar medium, i.e., has the same origin as the X-ray and optical afterglow emission. Both synchrotron and SSC have been proposed as viable emission mechanisms to explain the observed high-energy radiation. The peak time of the afterglow light curve (which marks the start of the blast wave deceleration) depends on the initial bulk Lorentz factor Γ 0 (with faster fireballs decelerating earlier) and on the total energy E 0 of the fireball (after the end of the internal shock phase), which is estimated from the isotropic prompt energy E iso (E 0 = E iso /η, where η is the efficiency of the prompt emission). For very high Lorentz factors (Γ 0 ∼ 10 3 ) the afterglow light curve is expected to peak a few seconds after the onset of the prompt emission. Under the assumption that the MeV−GeV emission is due to afterglow radiation, the upper limits derived in this work on the GRID flux can be translated into upper limits on Γ 0 . From our sample of 64 GRBs we select those with measured spectral peak energy and compute the prompt fluence in the observed energy range 1 keV−10 MeV. For GRBs with measured redshift we estimate the isotropic equivalent energy E iso and compute the peak time of the afterglow lightcurve, by assuming a given value for Γ 0 . For GRBs without measured redshift, we vary z from 0.01 to 10 and repeat the estimate for each z. To estimate the peak time we adopt the modeling of the afterglow emission presented by Ghirlanda et al. (2012) . From their equations we also estimate the expected afterglow luminosity before and after the peak time and integrate it in the same time interval where upper limits on the GRID flux are estimated. We finally estimate the expected average flux from afterglow emission and compare its value to the GRID upper limit. The expected average flux depends on the value of Γ 0 that we choose: by equating the estimated afterglow flux and the GRID flux upper limit we derive an upper limit on Γ 0 . This method requires several assumptions. First of all, we restrict ourselves to the case of a homogeneous density of the interstellar medium, with the typical value n = 3 cm −3 . For the efficiency of the prompt emission we use η = 0.2, and for e (the fraction of dissipated energy gained by the electrons) we use e = 0.1 (Panaitescu & Kumar 2001) . Moreover, for the GRID upper limits we use the values derived under the assumption of and extra component with spectral index β = 1.8. Our results are shown in Fig. 8 . We can estimate upper limits on Γ 0 only for bursts with measured redshift. For the other events, we derive the upper limits on Γ 0 by varying z from 0.01 to 10. As a general rule, when the prompt average flux is larger, stronger upper limits on Γ 0 can be derived, since a brightest afterglow is expected (Fig. 8 ). Figure 8 also shows that when the redshift is high it is not possible to put strong constraints on Γ 0 : high-z bursts will produce low-flux afterglow emission (below the GRID detection threshold) even when the Γ 0 is large, due to the large distance. At high redshift, then, very weak constraints on Γ 0 can be derived. By investigating a sample of bursts with the afterglow peak time detected in the optical light curve, Ghirlanda et al. (2012) show that, when homogeneous density is assumed, the Γ 0 distribution peaks around ∼140 and ranges between 30 and 400 (see Fig. 8 ). From the comparison of our results with the distribution of measured Γ 0 we conclude that the most constraining values are derived for GRBs at low redshift (z ≤ 1). Our results confirm that, if the leptonic external shock scenario is the correct interpretation for bursts with a high-energy extra component, bursts with GeV detection correspond to those with the largest Lorentz factor (Γ ∼ 10 3 ); otherwise, GRID should have detected high-energy emission from at least some of the bursts in our sample.
Testing SSC emission in the internal shock scenario
In the internal shock scenario, the prompt emission is commonly interpreted as synchrotron emission from electrons accelerated in the mildly-relativistic shocks. According to this scenario, another radiative mechanism might play an important role: SSC, where the same population of relativistic electrons scatters the synchrotron radiation.
Several authors (Guetta & Granot 2003; Finke et al. 2008 ) have investigated the possibility of detecting SSC emission in the MeV−GeV energy range. The non-detection of high-energy emission by GRID and the upper limits on the flux estimated in this work allow us to put some constraints on the SSC emission. To predict the contribution of SSC emission in the GRID energy range and compare it to our flux upper limits, we model SSC emission by following Guetta & Granot (2003) .
There are two simple ways to explain non-detection of the SSC component by GRID: i) the inverse Compton process proceeds in the Klein-Nishina regime; and the flux is suppressed and ii) the peak of this component falls outside the energy range of sensitivity of GRID (in this case the bulk of the emission is missed and the expected flux in the GRID energy range is low). The first case occurs when γ e E peak > Γm e c 2 , where γ e is the typical random Lorentz factor of the accelerated electrons, E peak the peak energy of the synchrotron component, Γ the bulk Lorentz factor, and m e the electron mass. This condition can be easily verified for quite slow fireballs (for example, e > 0.08 is sufficient for fireballs with Γ = 50 and typical peak energies E peak = 250 keV). The second case (spectral peak of the SSC component outside the GRID energy range) occurs when γ e is particularly high (which implies high values of e -in this case a few hundred GeV can be reached) or when it is particularly low ( e < 10 −2 ). This last case, however, is not favored because, as shown by Ghisellini et al. (2000) , the typical energies of the synchrotron peak can hardly be explained for low values of the microphysical parameters.
When the SSC process is governed by Thompson scattering and the bulk of the emission falls within the GRID energy range (30 MeV−3 GeV), some interesting results can be drawn from the flux upper limits derived in this work. From the request that the SSC spectral peak lies well inside the range of sensitivity (at ∼300 MeV), we can estimate, for each burst in our sample, the typical random Lorentz factor γ e of the electrons accelerated by the shock, and then the parameter e . This estimate requires the knowledge of E peak and β. When β is not constrained from the spectral analysis we use the fixed value β = 2.36, as elsewhere in this work. The ratio between the flux upper limits and the synchrotron flux gives an upper limit on the Compton parameter Y. Putting together the upper limit on Y and the estimate of e , a lower limit on B can be derived. Results are shown in Fig. 9 .
While for the external shocks some hints about the typical values of the microphysical parameters can be derived from modeling the afterglow light curves (Panaitescu & Kumar 2001) , it is more difficult to infer these values for internal shocks. Our analysis suggests a rather clustered value for e , ranging between 3 × 10 −2 and 10 −1 , and a wider range for the lower limits on B , in agreement with the results found by Panaitescu & Kumar (2001) for the external shock emission.
Discussion
The analysis performed on the GRB in the AGILE-GRID field of view allows reaching the following preliminary conclusions. The inferred ULs are consistent with the extrapolation of the Fig. 9 . Upper limit for the Compton parameter Y, the estimate of e , and the lower limits for B as a function of the prompt flux for the sample of GRBs with measured E peak . When β cannot be constrained from the spectral analysis, a value of β = 2.36 is assumed (red stars). In the other cases the value derived from the spectral fit is adopted (blue circles). low-energy Band spectrum to the GeV range in the vast majority of cases. The only exception is GRB 080721, which suggests the existence of a spectral steepening at high energy. The spectral component in addition to the Band spectrum (if any) contributes to less than a few percent of the low-energy fluence.
The expected high-energy flux is, apart from a few cases, systematically lower than the AGILE-GRID upper limit. However, using the spectral parameters publicly distributed by GCNs, a simple comparison of the prompt emission properties of the four GRBs detected by AGILE-GRID, and their measured fluences in the GRID band was performed. Ratios of the measured fluences in the AGILE-GRID band and the one calculated in the band 1 keV−10 MeV, reported in the bottom part of Table 7 , are very similar to the one calculated using the upper limits reported in this paper and lie in the range ∼4 × 10 −2 for GRB 080514B to ∼1.5 for GRB 090510. Considering that their fluence is similar to other GRBs not detected by AGILE-GRID, this seems to indicate that the low-energy fluence is not the crucial parameter for being considered to predict the emission at high energy. A preliminary analysis indeed showed that AGILE-GRID detected only the brightest events so far, those characterized by the highest peak flux (Del Monte et al. 2010) .
High-energy photons are preferably associated with GRBs whose spectra are either described by harder indexes or show evidence of distinct components, so far well fitted by simple power laws up to tens of GeV (e.g. Abdo et al. 2009a ). Those components are possibly associated with different emission mechanisms and characterized by emission episodes with high peak fluxes. Detailed temporal analyses of the events of our sample might be important to derive further conclusions.
AGILE pre-launch expectations were derived using the ratio between the fields of view of EGRET and AGILE-GRID.
From this simple consideration, it was stated that AGILE-GRID was expected to detect about 1 GRB per month (Longo et al. 2007 ). We update here those predictions for two reasons. First, EGRET field of view was shown to be only five times smaller than the AGILE-GRID field of view (e.g. Dingus 1995), instead of the assumed factor of ten (Longo et al. 2007 ), thus reducing the rate predicted by AGILE to one GRB every two months. Second, as future analysis will show, the number of GRBs potentially detected by AGILE was not as high as if AGILE had an on-board all-sky trigger detector like BATSE. In our sample 26 and 34 GRBs were detected during the first and the second years respectively. Only three of them were statistically significant. Nevertheless, the majority of the events that occurred within the AGILE-GRID field of view were detected by Swift-BAT and showed both lower peak fluxes and softer spectra. Therefore AGILE detected about 1 GRB every 20 that occurred within its field of view, as many as the GRBs seen by EGRET, estimating a total of 300 GRB yr −1 triggered by BATSE and considering a field of view of 1/25 of the sky for EGRET and a partial occultation factor of 50%. We thus conclude that AGILE and EGRET observed almost the same population of GRBs (the brightest and hardest ones) with approximatively the same statistics (Kaneko et al. 2008; González et al. 2009 ). More untriggered events could have been seen by AGILE, and a dedicated analysis will be presented in a future work. The analysis performed by Le & Dermer (2009) indeed predicted a rate of around 20 GRBs fullsky per year potentially detectable by AGILE with more than five photons with energy greater than 30 MeV. This agrees with the measured ratio when considering the field of view and the occultation factor.
Owing to the limited sensitivity of AGILE, the upper limits derived here do not allow distinguishing among different theoretical models that explain the emission at high photon energies. Both leptonic and hadronic models predict the production of very energetic (MeV−GeV) photons, and different mechanisms within the internal shock scenario, such as inverse Compton, synchrotron emission from protons, and decay of neutral pions (reviewed in e.g. Mészáros 2006; Gupta & Zhang 2007; Fan & Piran 2008) , are able to reproduce the observed spectral features in the GeV energy band. Observations with higher sensitivities, such as those reported by Fermi-LAT (The Fermi-LAT Collaboration & The Fermi-GBM Collaboration 2012), are needed to settle the debate. Indeed many of the current models predict an emission in the range of a few ×10 −3 counts cm
(e.g. Bošnjak et al. 2009 ). Similarly Fan (2009) shows that the non ubiquitous presence of high-energy emission from GRBs observed by Fermi might be explained by IC emission, provided some specific values of the microphysical parameters at play in the fireball evolution are given. Even if no conclusions can be derived from GRID upper limits about the origin of the high-energy emission detected in some cases by GRID and by Fermi-LAT, we showed how upper limits can be used to constrain some parameters of different models predicting high-energy emission during the prompt phase. In particular we investigated early afterglow emission and inverse Compton emission on synchrotron prompt radiation. In the first case we derived upper limits on the bulk Lorentz factor Γ 0 . Even if the majority of bursts in our sample do not allow interesting constraints to be put on this parameter, the brightest events in our sample constrain Γ 0 to below a few hundred (for typical redshift z ∼ 2), in agreement with the Γ 0 distribution derived by Ghirlanda et al. (2012) (Fig. 8) . In the second case (SSC scenario), we discussed that under typical conditions the SSC component should fall within the GRID energy range and the upper limits derived in this work allow us to estimate the fraction of energy gained by electrons in external shocks e ∼ 10 −1 , upper limits on the Compton parameter Y and, consequently, lower limits on the fraction of energy gained by the magnetic field B (Fig. 9) .
Even considering the sensitivity of AGILE, the analysis of the sample presented here confirms the results by EGRET-TASC (Total Absorbtion Shower Counter). The presence of high-energy components, with a fluence ratio of ∼0.5−10, distinct from the Band function, is ruled out in most cases (see also González et al. 2009 ). Fermi detections are also consistent with such a conclusion (Toma et al. 2011) .
AGILE-GRID upper limits in the GRB prompt phase were compared with those from Cherenkov telescopes. In particular, limits provided by the MAGIC collaboration (Albert et al. 2007 ) are consistent with ours, when the low-energy spectral shape is extrapolated up to very high energy. Air shower detectors instead provided upper limits at higher values (Abdo et al. 2007; Aielli et al. 2009) This paper presents an analysis of extended emission in gamma rays for a large sample of GRBs. The extended emission photon flux detected by Fermi-LAT for GRB 080916c (Abdo et al. 2009b) , GRB 090323 and GRB 090328 (McEnery 2010), GRB 090902B (Abdo et al. 2009a ) is in the range of 10 −5 −10 −6 cm −2 s −1 . Preliminary analysis of the extended emission from GRBs presented in this paper shows that this component is not present with similar flux rates, in all GRBs, particularly for those that do not show strong prompt gamma-ray emission. This favors different spectral models for the prompt soft phase and the extended high-energy emission phase (e.g. Kumar & Barniol Duran 2009; Ghisellini et al. 2010 ).
Conclusions
During the first two years of observations the AGILE satellite was able to detect photons from GRBs over an energy range that spans more than six orders of magnitude with the X-ray monitor, the mini calorimeter, and the pair production telescope. When detections within the field of view are considered, the AGILE-GRID telescope detected in two years of operation, only three out of 60 GRBs above 30 MeV, with the highest peak flux and harder spectral index. For non detections within the field of view, a statistically robust upper limit has been calculated. Due to the limited sensitivity of AGILE-GRID this result does not yet rule out the existence of the high-energy spectral components described by an extrapolation in the MeV region of the spectral shape at lower energies. Previous results from EGRET are confirmed here. In particular, we stress that high-energy emission is not a ubiquitous property of GRBs. A detailed temporally resolved spectral analysis of this sample might shed new light on the physics that lies behind of GRBs. Table 9 . Ratios of the calculated UL fluences in the 30 MeV−3 GeV band using different high energy spectral indexes with that calculated in the 1 keV−10 MeV range, calculated using the preliminary spectral parameters values as reported by Nava et al. (2011) -top 
